Acid extracts and a resultant fraction from solid-phase extraction (SPE) of Romalea guttata crop and midgut tissues induce sorghum (Sorghum bicolor var. Rio) coleoptile growth in 24-h incubations an average of 49% above untreated controls. When combined with plant auxin, indole-3-acetic acid (IAA), the SPE fraction shows a synergistic reaction, yielding increases in coleoptile growth that average 295% above untreated controls and 8% above IAA standards.
The interaction lowered the point of maximum sensitivity of IAA 3 orders of magnitude, resulting in a new IAA physiological set point at 10-7 g/ml. This synergism suggests that contents in animal regurgitants making their way into plant tissue during feeding may produce a positive feedback in plant growth and development following herbivory. Such a process, also known as reward feedback, may exert major controls on ecosystem-level relationships in nature.
As herbivores feed on their host plants they induce a variety of changes in plant responses. These include production of defense mechanisms (1, 2) and changes in internal physiology (3, 4) and productivity (5, 6) , providing overall a series of positive and negative feedback signals to the plant that can reorient its C and N distribution as well as its growth and development potential (7, 8) . The induction signal itself may emanate from endogenous biochemical pathways set in motion by physical damage to plant leaves (9) (10) (11) or, perhaps as likely, exogenously from biochemical messengers found in salivary and digestive systems of herbivores (12) (13) (14) (15) (16) . Epidermal growth factor (EGF), a highly conserved mitogenic peptide found in salivary glands of many animal species that acts as an intracellular messenger in animal tissues (17) , also affects plant cell growth, seedling development, and plant production processes (12) (13) (14) (15) . If this animal peptide, or others similar to it, enters the plant during herbivory, such messengers may serve as an intertrophic transducer between herbivores and plants during grazing (16) . This hypothesis recently has gained additional support with the discovery that EGF stimulates plant cell division and adventitious root formation (15) We extracted the tissues by a method developed for purification of bioactive polypeptides with known molecular masses of <13 kDa (20) . We homogenized the frozen crops and midguts (5-25 g) in 100 ml of ice-cold 0.2 M acetic acid solution containing protease inhibitors. After centrifugation (20 min; 17,200 x g) and reextraction of the pellet twice more, we pooled the supernatant solutions ('300 ml) and lyophilized them. We rehydrated the lyophilized solutions with HPLC grade water and centrifuged them (as before) to obtain a supernatant solution or crude extract. We determined the protein concentration of the solution and, after making several aliquots of the pooled solution, diluted each for bioassays and stored them at -80°C.
We further purified the crude extract by aqueous and organic partitioning (conducted three times in 60 ml of hexane in a separator funnel) to remove lipids and by solid-phase extraction (SPE). For SPE, we added an equal volume of aqueous 0.1% trifluoroacetic acid (TFA) to the crude extract and loaded the solution on prepared SPE cartridges (C18; 10 g; MegaBond Elut). After a TFA wash, we step eluted the material with 20%, 40%, 60%, and 80% acetonitrile/TFA and 100% acetonitrile. We then prepared aliquots of the different step solutions for bioassay.
For the bioassays, we weighed lyophilized eluates to the nearest microgram with a Mettler MT5 microbalance and then hydrated each in 10 ml of 50 mM potassium phosphate buffer (pH 6.0) to start the bioassay dilutions at 10-4_10-6 g/ml. We grew etiolated sorghum coleoptiles for 96 h, harvested and cut each to exactly 10 mm with a slotted cutting board and a cutting tool with two mounted razor blades (21) , and then placed them in the phosphate buffer. We set up dilutions for each experiment in 5-cm Petri dishes and incubated the coleoptiles at room temperature under growth lights for 24 h, at which time we measured each under a fluorescent magnifying lamp to the nearest 0.1 mm with a dial caliper calibrated to 0.05 mm. In all experiments, we used four experimental treatments plus a phosphate buffer control: (i) bovine serum albumin (BSA) to provide a nonspecific protein control, (ii) indole-3-acetic acid Abbreviations: EGF, epidermal growth factor; SPE, solid-phase extraction; TFA, trifluoroacetic acid; BSA, bovine serum albumin; IAA, indole-3-acetic acid. range of dilutions from 10-3 to 10-11 g/ml (note different scales for BSA and IAA in contrast to SPE; see also Table 1 ). For all three experiments, main model effects, experiments, treatments, and dilutions within experiments showed highly significant differences (P c 0.0001). In all experiments, coleoptiles in the BSA treatment showed no difference (P 2 0.645) from controls held in 50 mM potassium phosphate buffer (pH 6.0), while coleoptile growth rates in the IAA treatment showed a well-known, standard nonlinear response (21) averaging 265% above controls. Coleoptiles in the SPE treatment showed significantly increased growth over those in BSA (A = 49%; P c 0.0001); growth in the SPE + IAA treatment showed significantly increased rates over both the controls (A = 295%; P c 0.0001) and IAA treatment (A = 8%; P = 0.0005). Growth responses in the two SPE treatments, each designated by a third-order polynomial, showed slight shifts between experiments; however, overall, they showed the same patterns throughout. SPE at 10-3 g/ml (n = 299) ( Table 1 ). For our statistical analyses, we used a SAS GLM (22) ANOVA with a nested structure of replicates within each dilution level within treatment classes within each experiment, using least-squares means and the Student Newman-Keuls multiple comparison procedure to separate experiment, class, and level means, and the SAS G3GRID (23) model to provide a three-dimensional representation of experimental results.
RESULTS AND DISCUSSION
In all experiments, the phosphate buffer controls and BSA treatment showed identical, low-level coleoptile growth responses over 24-h incubations (average = 0.79 mm; P -0.645), while the IAA treatment controls gave a classical response reported many times in the literature (21) In Fig. 1 , we present averages for the growth responses in all dilutions for the four treatments from the three experiments. In all three experiments, BSA values show a zero slope equal to the phosphate buffer average. The least-squares means showed that the SPE treatment growth rates averaged 49% above BSA (P < 0.0001), that IAA growth rates averaged 265% above BSA controls, and the SPE + IAA treatment growth rates averaged 295% above BSA (P < 0.0001) and 8% above IAA growth rates (P < 0.0005).
A more detailed picture in the three-dimensional surface presented in Fig. 2 shows the integrated reactions of SPE + IAA relative to IAA and SPE alone. We determined the SPE + IAA synergism by the following: A% change in growth rates
. A pronounced peak (A = 291%) developed at IAA dilution = 10-7 g/ml in experiment B, suggesting that an interaction between the Romalea SPE and IAA changed the physiological set point of IAA in plant tissue at 10-4 g/ml (24) by 3 orders of magnitude.
Overall, our work shows that an acid extract of R. guttata crop and midgut purified by SPE stimulated elongation or growth of sorghum coleoptiles in a 24-h bioassay. The degree of growth matched that of EGF (14, 16) , an animal biochemical messenger and regulator of many animal cell functions (17) . The coleoptile bioassay functions as a predictor of many plant growth and development processes (24 100 (see Fig. 1 and text for description of treatments and experimental protocol. Peak response (A = 291%) occurred at IAA dilution = 10-7 g/ml in experiment B. Peak responses developed at 10-6 g/ml in experiment A and at 10-5 g/ml in experiment C, but at much lower levels, yielding an interpolated surface describing optimal coleoptile growth rates that involve varying R. guttata gut SPE fractions and IAA concentrations.
chemical message from the herbivore saliva or gut regurgitant stimulates cellular transduction processes in the plant that reorganize cell division and growth rates. Collectively, these act to redirect phloem transport of labile C and N compounds, cause shifts in C source-sink relationships (3, 4) , regulate C and N productivity (ref. 18 ; M.I.D., unpublished data), and may induce semiochemical release that functions as an intertrophic defense signal (2) .
In this study, we have sought invertebrate materials that may have similar bioactivity to peptides of the EGF family that may signal a plant and subsequently control its growth and development. As we report, we have preliminary evidence for such a factor in extracts from the crop and midgut of Romalea. It mimics the response of EGF in plant bioassays, but we now need to know more about its structure, what it may do to whole-plant behavior, and, lastly, how much grasshoppers may deliver of such a substance during feeding.
One of our most interesting findings relates to the change in the physiological set point of IAA in normal tissues that Romalea gut SPE brings about (Fig. 2) . Commonly, IAA has maximum effect on coleoptile elongation at 10-4 g/ml (19) , appearing in comparable concentrations in most internal plant tissue concentrations (24) , which we consider as a set point. Our bioassays, designed to examine the potential for a synergistic relationship between the SPE fraction and IAA, shows a change in this set point, peaking 3 orders of magnitude downward, and tailing off, yet retaining high levels of bioactivity 5-6 orders of magnitude lower (10-9-10-10 g/ml) (Fig.   2 ). If this observation holds up under further scrutiny, we Ecology: Dyer et aL suggest that this synergism may provide the basis for an almost wholly unknown set of relationships between herbivores and plants.
Thus, we pose the hypothesis that animal biochemical messengers may provide the basis for some of the positive feedback responses [also known as reward feedback (25) ] from the standpoint of whole system function induced in plants. DeAngelis and his coworkers (7, 26) have examined positive feedbacks in biological systems in detail, noting that their influence often goes unrecognized or underestimated. In general, this type of feedback between herbivores and their plant hosts would induce responses that neither organism can produce alone. Such signals may function to give at least a temporary physiological or ecological advantage to the wellbeing of the organism processing the signal (7, 26) . If 
